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This invention relates to magnetic recording and, more 
particularly, to an improved system and apparatus for 
testing a magnetic recording medium, such as magnetic 
tape and the like. 

Present day information handling machines employ, as 
a storage device, both magnetic tapes and magnetic drums. 
In their manufacture, great lengths are gone to to insure 
that the tape will be as free from imperfections in the 
magnetic layer as possible. However, these defects or 
nodules, as they are called, do appear, despite these pre 
cautions on the part of manufacturers. Present day in 
formation handling machines must be accurate, since they 
are being employed now in accounting Systems and in 
Ventory control systems, and, indeed, even in banking 
Systems. Therefore, great lengths are gone to, to insure 
their accuracy. Error checking and error correcting codes 
are employed, and, in many instances, there is duplication 
of apparatus and programming of a problem in a num 
ber of different ways, in order to check the operation of 
the machine. - - 1 : ??? ? .. 

As a result of these requirements for accuracy st?rage 
mediums, such as magnetic tapes, are inspected thor 
oughly, and any defects therein usually mean that the tape 
cannot be used. If defects, or nodules, are unobserved, 
the data is incorrectly stored at that location and is a 
constant source of error for the machine. . . . . . 
One method for checking tape which is known and 

used is to write a pulse pattern of a single binary digit 
over the entire tape. These pulses are laid down in the 
plurality of tracks or channels on the tape in which nor 
mally information is to be recorded. Then the pattern 
of pulses is read out simultaneously by means of a mag 
netic transducer head positioned over each channel. The 
outputs from these heads are applied to a number of 
gates and to a counter, which function to actuate the 
counter when all the heads do not simultaneously provide 
an output. Thus all the imperfections on the tape which 
prevent a proper recording of a pulse are counted except 
that more than one nodule simultaneously present under 
the heads is counted as one defect. This does not matter, 
since for the purpose of recording a defect in one or all 
of the channels at a given location, since it is customary 
to record binary information in parallel, renders that lo 
cation useless. The tape is then either accepted or re 
jected, based upon the nodule count and the amount of 
error tolerance permitted. If accepted with a maximum 
number of nodules errors are bound to occur, but this 
is cheaper than throwing the tapes, away until a perfect 
one is found. - 
An object of the present invention is to provide a sys 

tem for identifying nodules in a magnetic recording me 
dium so that errors due thereto may be avoided. 
Another object of the present invention is to provide 

apparatus for identifying defects in a magnetic recording 
medium, so that less perfect recording mediums may be 
employed and still provide error-free operation. 

- Still another object of the present invention is to pro 
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vide a system for checking defects in magnetic tape which 
is novel and useful. 
Another source of trouble in magnetic tape is known as 

skew. The present system for utilizing tape is to use a 
plurality of tracks and simultaneously record pulses, rep 
resentative of binary digits, in these tracks by means of 
magnetic heads which are aligned transversely across the 
tape and with each head positioned over each track. The 
tape is subject to a number of stresses, both from rapid 
starting and stopping and even in reading. Accordingly, 
when the tape is again passing under the magnetic heads, 
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one section or side of the tape may be stretched more than 
the other. This causes the pulses in the tracks to be 
misaligned to a certain extent. Accordingly, instead of 
pulses being simultaneously read from the tape exactly as 
they were recorded on the tape, there is a delay between 
the reading of the digit in each of the tracks which is 
proportional to the stretch or skew which the tape has. 
Another skew difficulty results from the tape passing the 
aligned heads at an angle which is different in recording 
than in playback. This effect is a function of the tape 
transport mechanical design. 
An object of the present invention is to provide a sys 

tem for compensating for skew. - 
Another object of the present invention is to provide 

a system for determining the amount of skew assumed 
by a given tape. 
The above and further objects of the invention are 

achieved in a system wherein the outputs of the magnetic 
reading heads are applied through an "or" gate to a first 
variable time delay circuit to then trigger a first pulse 
generator. The output of the first pulse generator is 
employed as a data sampling pulse. The magnetic head 
outputs are also applied through an “and” gate to a 
second “and” gate as an inhibiting input to that second 
“and” gate. The pulse generator output is also applied 
to the second “and” gate. The output of the second 
"and" gate is applied to a counter and also to a recording 
head. Accordingly, if tape has been prepared by record 
ing a pattern of pulses in every track, in reading the tape 
this invention will count all the defects on the tape and 
will record a pulse or train of pulses, which locate this 
defect. With such defects being marked in this manner 

45 

50 

55 

60 

65 

70 

along a "nodule marking channel,” it is a simple matter 
to read the pulses on the nodule marking channel and 
employ them to prevent recording on the tape location 
where the nodules are marked. In this manner, errors in 
reading from tape due to nodules are eliminated. Also, 
even though a tape has a large number of defects, it can 
still be employed and provide substantially error-free 
operation. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention, itself, both as to its 
organization and method of operation, as well as addi 
tional objects and advantages thereof, will be best be un 
derstood from the following description when read in con 
nection with the accompanying drawings, in which: 

Figure 1 is a schematic diagram of an embodiment of 
the invention, and - 

Figure 2 is a diagram of the wave shapes which are 
obtained at various portions of the circuit shown in 
Figure 1 and which are shown herein, in order to provide 
a better understanding of the operation of this invention. 

Reference is now made to Figure 1, where for illus 
tration of the invention it is shown being employed with 
a section of magnetic tape 10 having a plurality of re 
cording channels. As an illustrative embodiment, four 
channels are considered, three of which may be considered 
data recording channels, and the fourth the nodule mark 
ing channel. The tape passes underneath the magnetic 
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transducer heads represented by rectangles. The three 
heads 12, 14, 16 for the data channels are substantially 
aligned and the head 8 for the nodule channel is dis 
placed slightly from the other heads in the direction of 
motion of the tape 10. The alignment of the heads can 
be transverse, as shown, or they may be positioned in a 
skew fashion if desired. They must be positioned, how 
ever, so that a recorded digit in a binary number passes 
under each one of them substantially simultaneously. The 
tape is prepared for testing by writing pulses in the data 
recording channels along the entire length of the tape. 
These pulses may all be representative of binary ones 
or binary zeros. The important thing is that the same 
pulse be written by means of the substantially transversely 
aligned data heads in the data tracks. The writing may be 
done by either using the same heads used for reading and 
writing or by using separate heads for each. The tape 
is then run past the four heads shown in Figure 1. The 
outputs from the three data heads 12, 14, 16 are applied 
to three high-gain amplifiers 22, 24, 26, each of which 
amplifies the signal picked up and applies it to a separ 
ately associated network known as a slicer 32, 34, 36. 
The slicer is a circuit for permitting only that portion 

of a signal to pass through which exceeds a certain mini 
mum level and which does not exceed a maximum level. 
A Suitable circuit of this type is described and shown on 
pages 45 and 46 of the book Waveforms by Chance et al., 
published by McGraw-Hill Book Company in 1949. The 
output of each slicer is applied to a separate flip-flop cir 
cuit 42, 44, 46. These flip-flop circuits are of the well 
known two-tube Eccles-Jordan type and may be found 
described on pages 595 to 597 of the book Radio En 
gineering by Terman and published by McGraw-Hill Book 
Company in 1947. 

Each trigger circuit has one input terminal designated 
by "S" as the set terminal, to which the application of 
positive pulses causes the flip-flop to have one of its tubes 
conducting and the other tube nonconducting. Output 
is taken from the anode of the conducting tube and ap 
plied to a separate cathode follower stage 52, 54, 56. The 
other tube grid of the trigger circuit may be considered 
as a reset grid designated as “R” input terminal, since ap 
plication of a positive pulse to the other tube grid resets 
the flip-flop to its initial condition from which it was 
transferred by application of a pulse to its “S” input. 
The initial condition may be called a nonindicating con 
dition and the condition to which the flip-flop is driven 
by the application of a pulse to its set terminal may be 
designated as the indicating condition. Accordingly, when 
the flip-flop in each channel is driven to the indicating 
condition by an output from its associated slicer, an out. 
put is applied to the associated cathode follower. Each 
cathode follower 52, 54, 56 applies its output to (1) an 
"orgate 58; (2) a first “and” gate 60; and (3) a data 
reading “and” gate 62, 64, 66. 
"Or' gates and “and” gates are well known in the art, 

and a suitable type for each may be found described in 
an article entitled Diode coincidence and mixing cir 
cuits for digital computers by Tung Chang Chen in the 
Proceedings of the IRE, May 1950, pages 511 to 514. 
An "and" gate is a coincidence device which provides 

an output only when all its inputs are present simultane 
ously. An "or" gate is a device or circuit which provides 
an output when any one of its inputs are present. Thus, 
the 'or' gate 58 provides an output when it receives an 
input from any one of the channels from the magnetic 
transducer heads. This output is applied to an adjustable 
time delay circuit 68. An adjustable time delay circuit 
of a suitable type may be found described in Electronic 
Instruments by Greenwood et al., published by Mc 
Graw-Hill Book Company and may be found on pages 
591 et seq. 

This circuit is merely a one-shot multivibrator which 
provides an output pulse at a time later than the applica 
tion of an input pulse by an interval which can be deter 
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4. 
mined or controlled by adjusting the circuit component 
values. 
The output of the adjustable time delay circuit 68 is 

applied to a pulse generator 70. This pulse generator 
is well known in the art and may be a blocking oscillator 
of the type described in chapter 6 of the above noted 
book Waveforms. The output of the pulse generator is 
applied as a second input to the data “and” gates 62, 
64, 66 and also to a second “and” gate 72. The second 
“and” gate has as its other input the output of the first 
“and” gate 60, which has been inverted through a phase 
inverter 74 and then applied through a cathode follower 
stage 76. This inverted input serves to inhibit the opera 
tion of the second “and” gate 72, which otherwise will 
pass the output of the first pulse generator. This type of 
“and” gate is known as a "but-not" gate, in that it will 
pass one of its inputs but not both. This type of “and” 
gate is found described by Felker in an article in Elec 
trical Engineering for December 1952, entitled Typical 
block diagram for a transistor digital computer. 
The first pulse generator output is also applied to a 

second time delay circuit 78, which is substantially similar 
to the first. The output of the second time delay circuit 
78 is applied to a second pulse generator 80 which also 
is similar to the first blocking oscillator. Its output is 
utilized to reset the flip-flop circuits 42, 44, 46 in each 
channel. Its output, herein referred to as a "data shift 
pulse' has other uses as well. If the apparatus shown is 
used solely for the purpose of reading the tape, the first 
and second “and” gates 60, 72 and apparatus following 
them is not required; data is read as the outputs of each 
one of the data “and” gates 62, 64, 66. The "data shift 
pulse' may be used to transfer the information read from 
the data “and” gates into subsequent apparatus, to clear 
it to receive new data. Also, both the data sampling 
pulse and the data shift pulse may be employed as clock 
pulses having a given desired interval between them as 
determined by the time delay networks. These clock 
pulses may be employed in whatever apparatus in which 
the particular system shown and described herein are 
incorporated. 
The first and second “and” gates operate to provide 

pulses for marking a nodule channel on the tape. The 
first “and” gate 60 only provides an output when all the 
pulses are present and read from the data channels. The 
second “and” gate 72 provides an output pulse any time 
there is a pulse in one of the data channels being read. 
In view of the operation of the first time delay network 
68, the data sampling pulse does not occur until the data 
pulse has existed for a desired interval. Accordingly, 
the second “and” gate can be inhibited by the first "and' 
gate and will not pass the subsequently occurring data 
sampling pulse if all the pulses occur in the data track. 
If one of them does not occur, due to the presence of a 
nodule or other imperfection, the data sampling pulse 
passes through the second "and" gate and then is applied 
by means of a cathode follower 82 to a counter 84 to be 
counted. The second “and” gate output is also applied 
through another time delay network 86 similar to the 
preceding ones and another cathode follower 88 to the 
nodule marking magnetic recording head 18. The mag 
netic recording head records a pulse in the nodule chan 
nel. The reason for its displacement is that the tape 
has travelled a small distance in the interim required 
for the marking apparatus to be operated. Thus the 
nodule marking pulse is applied adjacent to the location 
of the nodule. The number of nodules are also counted 
by the counter. Thus the end product is a tape which 
has all its nodule locations identified and counted. Of 
course, if desired, other means of nodule marking may 
be employed, such as an actual ink marking, so that 
visual identification may be made. The tape may then be 
spliced, with the imperfect portion cut out. Otherwise, 
with a magnetic nodule marking, it is well within the skill 
of one versed in the art to require that the nodule chan 
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nel be readin advance of writing on the tape. The output 
from the nodule channel can then be used to prevent 
writing until the imperfect portion of the tape has passed 
by. Another and also a preferred embodiment of the 
invention is to place the nodule marking head slightly 
in advance of the nodule along the direction of motion 
and to use in place of the time delay univibrator 86 a pulse 
generator Such as a multivibrator which is biased to 
oscillate only upon application of a pulse and for a desired 
short interval thereafter. Thus a nodule is marked by 
a train of pulses which commences slightly in advance 
of the occurrence thereof under a reading head and which 
lasts until it has passed the reading head. 

Reference is made to Figure 2, wherein waveforms are 
shown which illustrate the operation of the system. As 
Sume, as shown by the first waveform 11, that three 
pulses have been recorded in the three channels, but the 
third channel has a nodule, and, therefore, no pulse is 
recorded transversely with the two pulses in the other 
two data channels. The magnetic flux in the transducer 
head during playback is shown as the second curve 13 of 
Figure 2. The output voltage from the transducer head 
will have the waveform 15 shown in the third curve. 
The output of the slicer will be the rectangular pulses 17 
shown in the fourth curve, and the flip-flops will provide 
the pulses 19 as shown in the sixth curve. The data 
Sampling pulse shown by the seventh curve 2 occurs dur 
ing the interval of the existence of the outputs from the 
flip-flops. Accordingly, it is during this interval that the 
data “and” gates will provide an output. The first “and” 
gate will not provide an output in view of the fact that 
all of its inputs are not present. Accordingly, the second 
"and" gate will pass a pulse from the first pulse generator 
Which serves to provide a marking pulse transversely 
aligned on the tape with the defective portion of the 
data channels. The reset pulse shown by the last curve 
23 Occurs at a short time after the data sampling pulse 
and serves to reset the flip-flops so they may be in condi 
tion for indicating the next signals coming under the 
magnetic transducer heads. 

If the signals read by the magnetic transducer heads do 
not occur simultaneously as a result either of the skew of 
the tape or of the misalignment of the recording heads 
(not shown), then the first “and” gate will not provide an 
output and the indication is of the same type (noninhibit 
ing) as if a nodule had occurred. By increasing the delay 
of the first variable time delay network, the data sampling 
pulse can be further delayed until an output is provided 
from the first “and” gate. Thus there is available a 
means of compensating for tape skew. There is also 
available a means for determining the extent of the tape 
skew since the amount of delay required in order to per 
mit the first “and” gate to operate and inhibit the second 
“and” gate can be readily measured. When this is con 
sidered together with the rate of tape travel, the amount 
of tape skew can be easily computed. 
Although the system is here shown and described as 

one wherein the location of the nodules are identified by 
a pulse in the nodule channel, this also can be performed 
by marking a pulse everywhere along the nodule channel 
except where a nodule occurs in the data channels. Thus 
the presence of the nodule is identified as the absence of 
a pulse. This can be accomplished by omitting the in 
verter in Figure 1 and changing the second “and” gate to 
be the same type as the first “and” gate. 

It will be appreciated that the present invention is 
employed where recording of closely spaced pulses on 
tape is desired, but not so closely spaced as to smear 
together so that the pulses cannot be treated as discrete 
units. Furthermore, if the test recording is made with 
large gaps between test pulses, the large gaps will remain 
untested and the system will provide accurate results only 
if the laying down of pulses is subsequently performed in 
the same regions as the ones in which the original test 
pulses were laid down. The usual defects typically effect 

10 

5 

25 

30 

4: 

55 

O 

70 

75 

6 
pulses over about 25 to 50 miles of tape and with the 
present recording systems between five and ten pulses 
are usually packed in that space. 
The lower limit setting of the slicer 32 can be en 

ployed, to a certain extent, to increase or decrease the 
number of nodules or tape imperfections marked by the 
subject invention. The nodules on a tape are character 
ized not only by losing 100 percent of the signal recorded 
thereover but also by causing a considerable reduction in 
amplitude of the recorded signal. Therefore, a determi 
nation should be made of the minimum amplitude signal 
to be tolerated on readout and the slicing level should 
be adjusted accordingly. 

Accordingly, there has been described and shown 
above a system for identifying, counting, and marking 
on tape the location of nodules so that tapes which have 
heretofore been deemed not usable for accurate recording 
and reproducing are now made usable. Also, compensa 
tion for tape skew and the measurement thereof is now 
afforded by means of the above described system. The 
defect marking system herein obviously may also be em 
ployed with magnetic drums and other magnetic record 
ing mediums wherein recording is made in the manner 
described above. 

I claim: 
1. Apparatus for testing a magnetic recording mediuri 

employed in a system wherein said recording medium 
has a plurality of parallel data tracks, and a separate mag 
netic transducer head is positioned over each of said tracks, 
said apparatus comprising means to record substantially 
transversely aligned pulses in all said data tracks, a 
means for each channel to generate a signal indicative of 
one of said aligned pulses being read by the transducer 
for that channel, means to generate a data sampling pulse 
after a desired interval responsive to output from any 
one of Said means to generate a signal, means responsive 
to a coincident output from all said means to generate a 
siginal for each channel to generate a coincidence indicat 
ing pulse, and means responsive to a data sampling pulse 
and to the absence of a coincidence indicating pulse to 
mark said magnetic recording medium at the location of 
the pulses which fail to generate a coincidence indicating 
pulse. 

2. Apparatus as recited in claim 1 wherein said means 
to generate a data sampling pulse after a desired interval 
includes an adjustable time delay network to permit de 
termination of the extent of skew of said magnetic record 
ing medium. 

3. Apparatus for testing a magnetic recording medium 
employed in a system wherein said recording medium has 
a plurality of parallel data tracks, and a separate magnetic 
transducer head is positioned over each of said tracks, 
Said apparatus comprising, means to record substantially 
transversely aligned pulses in all said data tracks, a flip 
flop circuit for each channel having a non-indicating and 
an indicating State, means to couple each head to an as 
Sociated flip-flop to drive it to an indicating state upon 
reading one of Said pulses, means to generate a data 
Sampling pulse after a desired interval responsive to any 
one of Said flip-flops being driven to an indicating state, 
Ineans responsive to a coincidence of all said flip-flop 
circuits being in said indicating state to generate a coin 
cidence indicating pulse, means responsive to a data 
Sampling pulse and the absence of a coincidence indicat 
cating puise to mark said recording medium at the loca 
tion of the pulses which fail to provide a coincidence indi 
cating pulse, and means responsive to a data sampling 
pulse to reset said flip-flops after a predetermined interval 
to their nonindicating state. 

4. Apparatus as recited in claim 3 wherein said means 
to generate a data sampling pulse after a desired interval 
includes an adjustable time delay network and a first 
pulse generator coupled to receive output therefrom, and 
said means responsive to a data sampling pulse to reset 
Said flip-flops includes a second time delay network 
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coupled to receive output from said first pulse generator 
and a second pulse generator coupled to receive output 
from said second time delay network. - 

5. Apparatus for testing a magnetic recording medium 
employed in a system wherein said recording medium has 
a plurality of parallel data tracks and a separate magnetic 
transducer head is positioned over each of said data 
tracks, all of said heads benig substantially aligned, said 
apparatus comprising means to record substantially trans 
versely aligned pulses in all said data tracks, a flip-flop cir 
cuit for each channel having a non-indicating and an in 
dicating state, means to couple each head to an associated 
flip-flop to drive it to an indicating state upon reading one 
of said pulses, a first and second “and” gate, an “or' gate, 
means to apply the outputs of all said flip-flops when in 
an indicating state as inputs to said first "and' gate and 
to said 'or' gate, a first and second pulse generator, 
means including a first delay network to apply the output 
from said 'or' gate to said first pulse generator to gen 
erate a data sampling pulse responsive thereto, a sec 
ond time delay network, means to apply said data 
sampling pulse to said second “and” gate and said sec 
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ond time delay network, means to couple said first 'and' 
gate output to said second “and” gate, means to mark 
the portion of said recording medium which has just been 
read responsive to an output from said second "and" gate, 
means to inhibit the operation of said means to mark re 
sponsive to an output from Said first “and” gate, means 
to apply the output of said second time delay network to 
said second pulse generator to generate a pulse responsive 
thereto, and means to apply said second pulse generator 
utput to all said flip-flops to reset them to their nonindi 

cating condition. 
6. Apparatus as recited in claim 5 wherein said means 

to couple each head to an associated flip-flop includes for 
each head an amplifier, and network means to limit the 
output of said amplifier between an upper and lower limit. 
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